The occurrence of scab disease in cereals is a worldwide problem in agriculture, and the consumption of scabby cereals causes severe toxicoses in humans and livestock. Fusanum graminearum (Gibberella zeae) is a major causal agent of scab disease (1) . In Hokkaido, the northernmost area of Japan, Fusarium avenaceum, Fusanum culmorum, and Microdochium nivale also cause scab disease of wheat and barley (10) . Our previous experiments have demonstrated the natural occurrence of deoxynivalenol (DON) and nivalenol (NIV) as trichothecene mycotoxins in scabby wheat grains harvested in the Tokachi district of Hokkaido (22) . Among the fungi that cause scab disease, F. graminearum is known to produce NIV and/or DON (9) , and F. culmorum produces DON (6) . Mycological surveys revealed that F. graminearum derived from Hokkaido produced DON (7, 8, 23) . It was demonstrated that F. poae possessed the ability to produce NIV (23) . Our finding was recently supported by the occurrence of NIV-producing strains of F. poae in Sweden (16) . Fusarium crookwellense, first reported as a pathogen of potato tubers in Australia (2) , has been reported to produce NIV, 4-acetyl-NIV (4-AcNIV), and zearalenone (ZEN) (5) .
Since our previous surveys of the mycological origin of NIV contamination in Hokkaido were performed in a limited district of Hokkaido, in this investigation, scabby wheat was harvested from several fields in different districts of Hokkaido. Mycological surveys and analysis for trichothecenes (A portion of the present data have been presented elsewhere [27] (Fig. 1) . On the basis of the criteria enforced by the Sapporo District Meteorological Observatory (Sapporo, Japan), these locations are separated into four regions: north (Nayaro), west (Ebetsu, Kyogoku, Hippu, and Furano), east (Tokoro and Shimizu), and southwest (Hakodate). Wheat grains were surface sterilized in a 0.5% aqueous sodium hypochlorite solution for 1 min and rinsed three times with sterile water. In each of 10 petri dishes, five grains were placed onto potato dextrose agar (PDA) (Difco Co. Ltd.) containing 100 ,ug of chloramphenicol per ml. After incubation at 25°C for 1 week, the Fusanum species that grew were transferred onto fresh PDA medium. A carnation leaf agar medium was used for the identification of Fusanum species. All isolates were identified by the taxonomic criteria of Nelson et al. (14) . Since (Table 3) . These isolates Ebetsu and Hakodate. However, perithecia of G. zeae were subdivided into the following four groups based on formed on wheat heads were frequently observed in the differences in trichothecene production: one isolate profields of Shimizu and Hakodate during the sampling. Isolates duced DAS (4.3 ,ug/g) alone; five produced NIV alone at of F. crookwellense were obtained for the first time in Japan, levels ranging from 0.4 to 3.5 p,g/g; seven produced NIV, but only from a field in Koshin (A) in Kyogoku ( Table 2) .
4-AcNIV, and DAS, at levels ranging from 1.3 to 23.8 ,ug/g, Contamination with trichothecenes and ZEN in wheat. 0.1 to 4.6 p,g/g, and 0.9 to 99.5 ,ug/g, respectively; and two Among 13 wheat samples examined, DON and NIV were produced none of the trichothecenes monitored. No isolate detected in 9 and 2, respectively, at levels ranging-from 0.03 ofF. poae examined produced DON, 3-AcDON, NS, T-2, or to 1.28 pg/g and 0.04 to 1.22 ,ug/g, respectively (Table 2) .
ZEN. In addition, no geographic differences among the three Three samples were positive for 4-AcNIV at levels of 0.02 regions in Hokkaido in the distribution of these four groups were observed (Table 3) . On the other hand, all four isolates of F. crookwellense tested produced NIV, 4-AcNIV, and ZEN at levels ranging from 0.9 to 22.5 ,ug/g, 0.5 to 25.0 ,ug/g, and 1.4 to 162.5 ,ug/g, respectively, and the other trichothecenes monitored were not produced. DISCUSSION The contamination of wheat and barley with Fusanum mycotoxins has been observed frequently in Japan. Geographic differences in NIV and DON production by toxigenic Fusarium species have been investigated in wheat and barley samples harvested in several areas of Japan. In the southern area (Kyushu and Shikoku), DON is predominant over NIV (7, 28) , and NIV is predominant over DON in southern Honshu (Chugoku) through northern Honshu (Tohoku) (7, 8) . In the northernmost island, Hokkaido, DON is dominant in the field (7, 8, 23) . These two chemicals are the major metabolites of F. graminearum, and it was demonstrated that the teleomorph G. zeae is divided into two chemotypes (9) . Previously, the isolates of F. graminearum derived from wheat grains in Hokkaido were reported to be DON producers; however, the fungi responsible for the natural occurrence of NIV were not identified. Our previous trial demonstrated the presence of NIV-producing F. poae in scabby wheat grains harvested in the Tokachi district (23) . As shown in Table 3 , it was confirmed that the isolates of F. poae found throughout Hokkaido produced NIV along with DAS. The fungi responsible for scab disease in Hokkaido, F. culmorum, F. avenaceum, and M. nivale, are not known to produce NIV or 4-AcNIV (14) . From the mycological survey presented in this article, the dominant fungi of scabby wheat grains were F. sporotrichioides, F. avenaceum, and F. poae (Table 1 ). F. sporotrichioides is known to produce T-2, not NIV (4) . Thus, it was demonstrated that NIV-producing strains of F. poae are responsible for the natural occurrence of NIV in wheat in Hokkaido. F. crookwellense was isolated for the first time in Australia in 1971 and described as a new species (2) . It has been found in Poland (5), New Zealand (11), China, Canada, and other countries (12) . Four isolates of F. crookwellense isolated from scabby wheat in a Koshin (A) field produced NIV, 4-AcNIV, and ZEN on rice medium. These results agree with the results of others (5, 11, 12) . Scabby wheat from a Koshin (A) field was positive for NIV at a significant level of 1.22 ,ug/g (Table 2 ). Furthermore, as in our previous surveys, these isolates of F. crookwellense were pathogens on wheat and barley (19) , and several isolates of F. crookwellense were obtained from maize kernels harvested from maize fields in Memuro, located near Simizu (data not shown). Thus, it is possible to assume that F. crookwellense is also responsible for the NIV contamination in Hokkaido. As the total number of isolates was limited, further investigation is needed to clarify NIV contamination by F. crookwellense in Hokkaido.
The present experiments have demonstrated that the major contaminants of scabby wheat harvested throughout Hokkaido were DON and ZEN, along with a few samples positive for NIV, 4-AcNIV, and 15-AcDON (Table 2) . No other trichothecenes, such as 3-AcDON, DAS, NS, and T-2, were detected in the present samples. These results are in agreement with our previous surveys (22) on wheat samples harvested in a limited district of Hokkaido. Interestingly, F. sporotrichioides was the prevalent species in wheat samples harvested in Hokkaido in the middle of July, and the DON and ZEN producer species F. graminearum and F. culmorum were rarely isolated or not isolated at all from these samples ( Table 1) . The reason for the inconsistency between frequency and mycotoxin contamination is that the Fusarium species which caused the DON and ZEN contamination had already prevailed in the wheat samples before our sampling was conducted. That is, the production and spread of conidia of the DON-and ZEN-producing fungi to wheat in the field may be finished prior to the middle of July, perhaps in late June or early July. Until now, there have been no reports on the natural occurrence of DAS, NS, and T-2 in wheat and barley cultivated in Japan, although it has been reported that strain M-1-1 of F. sporotichicides obtained in Hokkaido, which was misidentified as F. solani, produced NS and high amounts of T-2 (26) . Thus, the predominant species, F. sporotrichioides, may not have been able to produce DAS, NS, and T-2 on wheat grains in nature. As a possible reason for this assumption, it was suspected that the Japanese wheat cultivated in Hokkaido was an inadequate substrate for the production of these mycotoxins by F. sporotrichioides. Further studies will be needed to elucidate these speculations. Unfortunately, the majority of the cultures of both F. sporotrichioides and unidentified Fusarium species obtained in the present survey were invaded by mites prior to isolation from the petri dishes. Most of the isolates invaded were discarded to avoid spread of the mites to other fungal cultures. Therefore, further examination for the production of trichothecenes by these F. sporotrichioides isolates was not carried out.
As shown in Table 3 , seven isolates of F. poae produced both type A (DAS) and type B (NIV and 4-AcNIV) trichothecenes. Among the Fusarium species, F. poae, F. sporotrichioides, F. acuminatum, F. equiseti, and F. sambucinum are known to produce type A, while F. graminearum, F. culmorum, and F. crookwellense produce type B (4). There are a few reports on cross-production of these two types of trichothecenes by Fusarium species except for T-2 production by a few isolates of F. graminearum (13, 25) . Thus, the results obtained here with F. poae isolates were of chemotaxonomic interest. Several attempts have been made to classify and identify the genera Aspergillus and Penicillium by secondary-metabolite profiles, and such profiles were useful criteria for their identification (18) . However, for the genus Fusarium, these trials have raised other taxonomic problems. Thrane (24) proposed that F. graminearum, F. culmorum, and F. crookwellense, which belong to section Discolor, may be regarded as the same species based on high-pressure liquid chromatography profiles of their secondary metabolites, while Miller et al. (12) suggested that these three Fusarium species may be divided into three groups, chemotypes IA, IB, and II, based on their production of trichothecenes. Their trials were performed on the basis of our previous proposal (9) for the chemical classification of Fusarium species by the introduction of chemotypes and recent chemotaxonomic criteria (18) . However, our criteria for F. graminearum depended on differences from its teleomorph G. zeae, not the anamorph. No teleomorph is known for F. culmorum and F. crookwellense (1, 14) . In addition, previous work (3, 15) has pointed out that Fusarium species are likely to alter their texture, color, and shape of conidia under culture on artificial medium. Thus, their assumptions based on analytical results, including culture collections preserved for a long time, may incorrectly classify these three Fusanum species.
From the production of trichothecenes by F. poae isolates, we subdivided these F. poae isolates into four groups. However, the distribution of these four groups was not (Table  3 ), the differences among these F. poae isolates may reflect variations in the F. poae population resulting from their adaptation to the cold environment. On the other hand, F. poae has rarely been isolated from cereals in other areas of Japan (7, 10) and produces type A trichothecenes such as NS (20) , not NIV. As in Japan, NIV-producing F. poae was frequently found in Sweden (16, 17) and has became of great concern as a fungus responsible for NIV contamination in Scandinavia (17) . Thus, it was considered that NIV-producing F. poae prevails in cold regions of Japan, such as Hokkaido.
In conclusion, as for natural contamination of NIV of cereals in cold region, it was revealed that NIV-producing F.
poae and F. crookwellense as well as NIV-producing F. graminearum are responsible for the natural contamination of cereals with NIV in cold regions.
